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alkylene bridge
THERAPEUTIC AGENTS
\C/ \ / \C/
C
This application is a continuation of application Ser. s N/ \ N 7N | _ N/ \Ci
No. 216,777, filed on Jan. 10, 1972, now abandoned, | c” \ | >c:
which was a division of application Ser. No. 33,058, “C\ / ~ C\ /C,\ _C\ ,C':
filed Apr. 29, 1970, now U.S. Pat. No. 3,658,993, which N\ If 1?‘
was a continuation-in-part of application Ser. No.
674,753, filed on Oct. 12, 1967, now abandoned. 10 .
| alkenylene bridge
BACKGROUND OF THE INVENTION
1. Description of the Prior Art / \C y (|:=(|:
. : _ c X / N\
(.“‘Jerman .Pat. Nf:’" 958,832 dt'?SCI‘leS certain bf:l'! 15 - N 7 Nc N C
zylideneaminoguanidines and their use as pharmaceuti- 1|~II \ I \ /
: T C=' —C C. —C
cals and ’fherap'eutlc agents:. Amoyg these guanidines  _ / ~ _— N \ /(|3\
are those in which halogen is substituted on the phenyl \N II“J N
ring, specifically, the aminoguanidines which can be | |
considered to be the derivatives of 4-chlorobenzalde- 20
hyde, 3,4-di - - , . :
hy d: G:Iigrhil;?benfﬁldehytde tan :1 3 ch};rc;benzal:llf Also suitable are the physiologically acceptable salts
yee. a p Y, tC palent also dISCIOSES A€ of these guanidines, including their salts with such acids
aminoguanidines which can be considered to be the 45 hydrochioric acid, hydriodic acid, acetic acid, sulfu-
derivatives of the corresponfimg halo-acetophenones. 55 Tic acid, phosphoric acid, malic acid ethionic acid, ma-
2. Summary of the Invention lonic acid, citric acid, benzoic acid, and pamoic acid.
Despite the teachings of the German patent, it has In these compounds, X preferably is middle halogen
been found that the aminoguanidines disclosed therein =~ — that is, chlorine or bromine — Y is middle halogen,
— which do not have halogen substituted at an ortho  Z is hydrogen or middle halogen, and R, R’, R” and R”
position on the phenyl ring — exhibit little, if any, phar- 30 are all ?ydrggen. Of the salts, the hydrochloride salts
macological activity. aIc prefertred. . .
In fon tr:s(; 1v1i:z has been found that ben Typical, illustrative species of this class of pharma-
. L . . "~ ceuticals are set out in the working examples, as well as
zylideneaminoguanidines having halogen substituted on the following:
at le.as.;t one of .the ortho carbon atoms of the phenyl ring 35  1-(2-chloro-6-(trifluoromethyl)benzylideneamino)-
exhibit very high pharmacological activity, particularly guanidine _
acting as depressants of the central nervous system and 1-(2-chloro-3,6-bis(trifluoromethyl)ben-
the cardiovascular system, and as anti-depressants for zylideneamino)guanidine
overcoming psychic depression. 1-(2-chloro-6-bromobenzylideneamino)guanidine
40 1-(2,6-dibromobenzylideneamino)guanidine

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The pharmacologically active aminoguanidines of

the invention can be described by the formula: 45

wherein X is halogen or trifluoromethyl, Y and Z may 55
be the same or different and are hydrogen, halogen,
trifluoromethyl or C,-C,alkyl, R, R’, R"” and R° each is
hydrogen, C,-C,alkyl, C,-C,alkenyl, or C,-C,alkynyl,
with the proviso that R” and R° may together form an
alkylene or alkenylene bridge of 2 to 4 carbon atoms,
and with the further proviso that one of Y and R must
be hydrogen. The term “alkylene or alkenylene bridge
of 2 to 4 carbon atoms” is illustrated in the following
examples, as indicated by the brackets:
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65

1-(2-bromo-6-methylbenzylideneamino)guanidine
1-(2,3,6-tribromobenzylideneamino)guanidine
1-(2-chloro-6-propylbenzylideneamino)guanidine
1-(2,4,6-trichlorobenzylideneamino)guanidine
1-(2,6-dichloro-4-methylbenzylideneamino)guanidine
1-(2-bromo-6-fluorobenzylideneamino)guanidine
1-(2,6-dichlorobenzylideneamino)-2-propynylguani-
dine
1-(2,6-dichlorobenzylideneamino)-1,2,3-trimethyl-
guanidine
1-(2,6-dichlorobenzylideneamino)-2,3-vinyleneguani-
dine
1-(2,6-dibromo-4-methylbenzylideneamino)guanidine
1-(2-chloro-alpha-methylbenzylideneamino)guani-
dine hydrochloride
1-(2-(trifluoromethyl)-alpha-methylben-
zylideneamino)guanidine hydrochloride
1-(2-chlorobenzylideneamino)guanidine hydrochlo-
ride
1-(2,4-dichloro-alpha-methylbenzylideneamino)-
guanidine hydrochloride
The aminoguanidines of this invention are suitably
administered orally, parenterally, intraperitoneally or
intravenously. The compounds are generally crystalline
solids and many are slightly to sparingly soluble in most
common organic salts. Some are quite soluble in com-
mon pharmaceutical vehicles, including water. As
would be expected, the salts are more soluble in water
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than are the aminoguanidines per se. Using suitable
vehicles and techniques of formulation wholly conven-

tional to one skilled in the art, these compounds can be
formulated for use as appropriate to the intended mode

of administration.

Compositions according to the present invention are
comprised of an aminoguanidine of this invention and
an acceptable pharmaceutical carrier which may either
be solid material or a liquid. Preparations for oral ad-
ministration can be liquids or solids or any combination
of these forms, such as syrups, elixirs, powders, cap-
sules, or tablets. Preparations for administration of the
active agent in unit dose form can be powders, com-
pressed tablets, or a powder enclosed in a suitable cap-
sule of absorbable material such as gelatin. The powders
or compressed tablets may also comprise suitable excip-
ients and/or diluents such as starch, lactose, stearic
acid, magnesium stearate, dextrin or polyvinylpyrrol-
idone.

Preparations for parenteral or intraperitoneal admin-
istration may be sterile solutions or suspensions in liq-
uids such as water, physiological saline, benzyl alcohol,
ethyl oleate, methylcellulose, dimethyl sulfoxide poly-
ethylene glycol or other liquid excipients known in the
pharmaceutical and veterinary formulation art.

Any of the above preparations may contain the
aminoguanidines of the invention as the only active
agent or may contain in addition other pharmaceuti-
cally active agents.

The unit dosage or therapeutically effective quantity
of the aminoguanidines used according to this invention
as central nervous system (CNS) depressants and/or
antidepressant agents can vary over fairly wide limits.
For oral, intraperitoneal or parenteral administration in
some cases, as little as 0.1 milligram of the active mate-
rial per kilogram of body weight can be effective in
obtaining desired antidepressant or CNS depressant
response, while seldom will a dosage in excess of about
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10 milligrams per kilogram of body weight be required. 4

In general the effective dosage will be of the order of
from about 0.1 to 5 milligrams on the same basis. The
therapeutically effective quantity used according to this
Invention as a cardiovascular agent administered, for

example, by oral or intravenous means can be, in some 45

cases, as little as 0.01 milligrams of active material per
kilogram of body weight to obtain the desired cardio-
vascular response. Seldom will a dosage in excess of
about 10 milligrams (mg) active material per kilogram
(kg) of body weight be required. Generally the effective
dosage will be of the order of from about 0.01 to 5
mg/kg.

Each dosage unit form — each capsule, tablet, am-
poule, or prescribed dose — can contain from about
0.01 percent to about 95 percent of active material,
based upon the total. The preferable amount will de-
pend on how the compound is administered and the
carrier used. For example, if adminstered orally as a
solid formulation with lactose or cornstarch the formu-
lation will preferably contain about 1 percent to 50
percent by weight of the active material. If adminis-
tered as a liquid intraperitoneally, parenterally or intra-
venously, solubility of the compound will be a deter-
mining factor and the preferred formulation will con-
tain 0.1 percent to 25 percent by weight or more of the
active material. Of course, it is possible to administer
the therapeutics without the use of a pharmaceutical
carrier.
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The therapeutic agents used according to the inven-
tion can be administered either prior to or after the

onset of the condition to be treated, such as when they
are used as a central nervous system depressant to re-

duce hyperexcitability and induce sedation.
Preparation

Methods for preparing these aminoguanidines and
their salts are shown in German Pat. No. 958,832. Prep-
aration of particular, illustrative, species of the com-
pounds of this invention is described in the following
examples, wherein “parts” means parts by weight, with
parts by volume bearing the same relationship to parts
by weight as does the liter to the kilogram. In each
example, the product is designated by a capital letter, to
permit easy, but precise, identification in a later exam-

ple.

EXAMPLE 1

Preparation of
1-(2,6-dichlorobenzylideneamino)guanidine
hydrochloride (A)

93 parts of 2,6-dichlorobenzaldehyde, 78 parts of
aminoguanidine bicarbonate, 50 parts by volume of
concentrated hydrochloric acid and 250 parts by vol-
ume of n-butanol were mixed and heated slowly to
reflux (120° C). The by-product water was removed
azeotropically over a period of 4 hours. The mixture
was cooled and filtered to give 105 parts of a white solid
melting at 223°-224° C (uncorr.). The identity of the
product was confirmed by elemental analysis.

Analysis (percent by weight):

Calculated: Cl — 39.8; C1- — 13.3; N — 20.9

Found: C1 — 39.3; C1- — 13.0; N — 20.6

EXAMPLE II

Preparation of
1-(2,6-dichlorobenzylideneamino)guanidine (B)

To 40 parts of the hydrochloride salt obtained in
Example I in 600 parts by volume of water was added
130 parts by volume of 10% aqueous sodium hydroxide
solution. The voluminous precipitate which formed was
filtered and washed with water and acetone. Recrystal-
lization from acetonitrile gave 23 parts of a white sohd
which decomposes at 227°-229° C (uncorr.). The prod-
uct was identified as 1-(2,6-dichlorobenzylideneamino)-
guanidine by elemental and infrared spectrum analyses.

Analysis (percent by weight):

Calculated: Cl — 30.7; C1- — O

Found: Cl — 30.0, 30.1; Cl- — <0.1

EXAMPLE III

Preparation of |
1-(2,6-dichlorobenzylideneamino)-2,3-ethyleneguani-
dine, hydroiodide and hydrochloride

a. Hydroiodide salt (C). 12.3 parts of 2,6-dichloroben-
zaldehyde and 16 parts of 2-imidazole-2-ylhydrazine
hydroiodide were mixed in 100 parts by volume of
absolute ethanol and refluxed at 80° C for 45 minutes.

The mixture was cooled and filtered to give 24 parts of
a light tan solid which decomposes at 275°-278" C.
(uncorr.). The product was identified as the hydroio-
dide salt of 1-(2,6-dichlorobenzylideneamino)-2,3-ethy-
lene guanidine by elemental and infrared spectrum anal-
yses.

Analysis (percent by weight)

Calculated: Cl — 18.4; I- — 33.0
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Found: Cl — 18.8, 19.0; I-— 33.2, 33.3

b. Hydrochloride salt (D). To 10 parts of the HI salt
from (a.) above in 100 parts by volume of water and 150
parts by volume of ethanol was added 50 parts by vol-
ume of 10% aqueous sodium hydroxide solution at 40°
C. The mixture was cooled to 25° C and filtered. The
solid was dissolved in 200 parts by volume of ethanol
and treated with 13 parts of gaseous hydrogen chloride.
The solvent was removed under water aspirator vac-

uum at 30° C. The residue was recrystallized from ace-
tonitrile to give 5.6 parts of the hydrochloride salt melt-

10
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EXAMPLE V

Preparation of other (benzylideneamino)guanidines and
salts thereof

The following other benzylideneamino guanidines
and/or salts have been prepared from the appropriate
aldehydes and guanidines according to the techniques
demonstrated in Examples I-II. The table indicates the

melting point of the product and comparison of the
results of elemental analyses with the calculated values.

Compound

Y

NHR'

CH=N=—-N—(C—NH

Z R R" .
Analysis
Cl Melting Point (Percent by Weight)
Y Z R R’ R" Salt e Calculated Found

(E) Cl H H CH;— H — 166.5-167.5 N -22.9 N -223

Cl - 29.0 Cl- 28.7
(F) Cl H H CH;— H HCi 20'7-208 Cl©- 12,6 Cle- 124

(G) Cl H H CH,=CHCH, H HI 98-100 N -14.0 N-134

Ci-17.8 Cl-17.8

IS -31.8 I - 30.5

(H) Cl H H CH;— CH;— HI1 211.5-214.5 Cl- 183 Cl-175

N - 14.5 N - 14.2

| I© - 32.8 1©- 32,6

(I Cl H H CH;— i-C;Hy— HI 178-179 N - 13.5 N -13.2

Cl-17.1 Cl-174

I© - 30.6 IS - 30.2

() Cl H H CH;— i-C;Hy~— HCI 172-173.5 Cl - 329 Cl - 3235
Cle. 11.0 Cle - 10.7

(K) Cl H CH;— H H HC] 248-249 - Cl-37.8 Cl-36.5
(Dec) CIe - 12.6 Cio - 12.2

(L)F H H H H HCI 208-209 Cl - 28.3 Cl-27.6
Cl© - 14.1 Cie - 13.7

M)CH;— H H H H HCI 176177 N - 22.7 N-224

Cl - 284 Cl-28.2
Cle- 144 Ci©- 14.7

N) Cl1 3.Cl] H H H — 210-211 N -21.1 N - 21.1

Cl - 40.2 Cl-40.2

(O) Cl 3-Cl H H H HCl 201.5-203 Cl-47.0 Cl - 46.5
ClS - 11.8 Cle- 117

EFFECTIVENESS

ing at 232°-233.5° C (uncorr.) identified by elemental
and infrared spectrum analyses.

Analysis (percent by weight)

Calculated: Cl- 12.1

Found: C1- 12.0

EXAMPLE IV

Preparation of

45
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1-(alpha-methyl-2-chlorobenzylideneamino)guanidine

hydrochloride (P)

8.8 parts of aminoguanidine carbonate, 20 parts of
volume of concentrated hydrochloric acid and 150
parts by volume of n-butanol were refluxed to remove
the formed water azeotropically. To the resultant solu-
tion, 10 parts of 2’-chloroacetophenone was added and
refluxing continued for sixteen hours.

The solution was concentrated under water aspirator
vacuum to give 18.7 parts of a viscous orange liquid
which by repeated crystallization gave 4.6 parts of a
pink solid melting at 167°-174° C identified by elemen-
tal analysis as 1-(alpha-methyl-2-chloroben-
zylideneamino)guanidine hydrochloride.

Analysis (percent by weight):

Calculated: N — 22.7; C] — 28.8; Cl- — 144

Found: N — 22.5; Cl — 28.4; Cl— — 14.3

35
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The following examples show the effectiveness of the
drugs as used in the various tests as explained in each
instance. While a specific method of administration of
the drug may be recited for a specific test, it should be
noted that the response elicited may be obtained by the
other means of administration as well.

EXAMPLE VI

Effectiveness of the benzylidencaminoguantdines of
Examples I to IV as antidepressant agents

The antidepressant activity of a compound is shown
by the absence of ptosis (defined as an eyelid closure of
greater than one-half) after injection of reserpine mto a
treated animal. Following the reserpine challenge test

of Chessin et al., J. Pharmac. Exp. Ther. 119, 453 (1957),
groups of five or ten mice are given graded doses of the

chemical either orally or parenterally and then chal-
lenged with reserpine at 5.0 mg/kg I.p. One hundred
and twenty minutes later the mice are assessed for their
degree of ptosis. Ptosis of less than 50 percent is judged
a positive response. Orally, the activity is assessed at the
prophylactic time intervals of 1, 3, 5 and 16 hours.
When administered intraperitoneally (I.p), the activity
is determined at prophylactic intervals of 1, 2 and 4
hours. The dose required to prevent ptosis in 50 percent



4,060,640

7

of the mice (EDsp) is calculated for each compound at

its time of maximal effectiveness.
Following this procedure, the EDsy values for the
compounds shown in Examples I to IV are shown

below along with the corresponding activity for known
reference drugs.

Antidepressant Activity

Lp. EDs &= S.E. (mg/kg)

A 0.33 = 0.08
B 0.12 + 0.04
C 20 £ 0.5
D 3.3 £ 0.8
E 1.3 = 04
F 2.2 + 0.3
G 4.3 = 1.3
H 24 + 0.8
I 57 + 2.0
J 42 + 1.0
K 7.1 = 2.3
L 2.2 £ 0.5
M 1.0 = 0.2
N 1.6 = 0.6
O 1.1 £ 0.6
P (1-(2-chloro-alpha-methylbenzyl- 72 = 1.1

ideneamino)guanidine)hydrochloride
Q (1-(alpha-methyl-2-trifluoro- 7.6 + 2.2

methylbenzylideneamino)guanidine

hydrochloride)
Tranylcypromine . SO, 1.7 = 0.4
Iproniazid . PO, 42
Imipramine . HCI 24 + 11

EXAMPLE VII

Effectiveness of benzylideneaminoguanidines as central
nervous system (CNS) depressants

The presence of significant CNS depressant activity
of drugs 1s demonstrated by the following two tests.
a. Pernicious preening test

D
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Pernicious preening is elicited by painting the rear of 35

the mouse with a pilocohesive dye. A violent, unremit-
ting tearing of the stiff, cohering strands of hair consti-
tutes the pernictous preening behavior. The test proce-
dure involves the intraperitoneal injections of the chem-
ical to groups of 10 male mice (23-37 grams). Thirty
minutes later, the pilocohesive dye was applied and the
absence or presence of pernicious preening was noted
for a 10-minute period. According to Wilfon and his
co-workers, Fed. Proc. 19, 21 (1960), both tranquilizers
and potent analgesics effectively block this unusual
behavior in mice. Inhibitory effects have been elicited
by other pharmacologic categories, such as sedatives,
anti-convulsants, stimulants, amine oxidase inhibitors,
antihistamines, and miscellaneous compounds. With
these agents, abolition of pernicious preening was gen-
erally accompanied by toxic manifestations.

b. Phenylquinone Writhing Test

The phenylquinone writhing test, as developed by
Siegmund and associates (Proc. Soc. Exp. Biol. Med.
97, 729 (1957)), i1s most useful due to its simplicity, re-
producibility, sensitivity and ability to assess a variety
of psychotropic drugs. It involves the intraperitoneal
injection of phenylquinone (2-phenyl-1,4-benzoqui-
none) to produce a writhing syndrome in mice. Ten
male mice (23-27 grams) are used per dose. The writh-
ing syndrome is characterized by the periodic twisting
and turning of the lower half of the body, contractions
of the muscles in the pelvic area, and extension of the
hindlimbs with elevation of the base of the tail. The
ability of the test drug in preventing this syndrome
constitutes a positive pharmacological action.

Following these procedures, the effective dosages for
the compounds of Table I were obtained. These dosages

45
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and those for reference drugs are shown in the follow-
ing table. '

- TABLE 11

Pernicious
Preening
- Test Phenylquinone
| Lp. EDy, Writhing Test
Compound - (mg/kg) L.p. EDy (mg/kg)
A 0.79 = 0.14 0.12
B 1.2 = 0.2 not tested
D 3.0 &= 0.8 3.2
F .3 0.76 * 0.26
J 8.0+ 1.9 not tested
K not tested 7.2 = 1.8
L 4.6 = 1.5 not tested
M 1.4 = 0.3 0.21 £ 0.07
O 9 0.88 + .21
Chloropromazine . HCI 2.6 not tested
Amitriptyline . HCI 6.2 + 1.6 not tested
d-Amphetamine . SOy 2.7 = 0.7 2.4
Tranylcypromine . SO, 4.9 3.2
d-Propoxyphene . HCI 36 174 = 4

CNS depressant effects mainly tranquilizing in nature
were also noted when A, B, C and E were administered
to cats arid Rhesus monkeys in dosages as low as 0.30
mg/Kkg in some cases.

EXAMPLE VIl

Effectiveness of Benzylideneaminoguanidines as a
Hypotensive Cardiovascular Agent

Generally, a hypotensive cardiovascular agent, when
appropriately administered to an animal, will induce a
decrease of blood pressure. The hypotensive effect
obtained by using such as agent may be caused by sev-
eral mechanisms involving a decrease in peripheral
vascular resistance or a decrease in cardiac output.
These effects in turn may be mediated through neuro-
genic actions and/or direct effects on the heart or pe-
ripheral blood vessels.

Procedure: Classical anesthetized cat preparations
were used to assess cardiovascular activities of the ex-
perimental drug when administered intravenously (1.v.).
Basal arterial blood pressure, heart-rate, electrocardio-
gram, respiratory rate and depth, intralumenal duodenal
pressure, rectal temperature and nictitating membrane
contraction were evaluated. In addition, the responses
to standard doses of neurohumoral agents and nerve
stimulation were measured.

Using these parameters, the compounds listed In
Table III were proven to possess unusually high cardio-
vascular activities.

Arterial blood pressure was significantly lowered in
cats anesthetized with pentobarbital by the intravenous
administration of compounds A, B, D, F, J, R[1-(2-
chlorobenzylideneamino)guanidine hydrochloride],
and S[1-(2,4-dichloro-alpha-methylbenzylideneamino)-

55 guanidine hydrochloride]. The heart rate was slowed in
most experiments.
TABLE II1
Change in
Decrease, mm Hpg Heart Rate
60 Com- Dose in Systolic/Diastolic From Control
pound (n:!g/L):g, Blood Pressure (rate/min)
1.V.
A 0.32 25/35 45
B 0.10 65/65 410
D 1.00 30/25 —40
F 3.20 20/25 —40
65 1.00 - 20/25 —10
R 35 25/15 w45
S 1.00 —10

10/15
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Formulations
- The following examples indicate effective formula-
tions which were prepared using various suitable phar-
maceutical carriers.

EXAMPLE IX

Oral formulations

- A suitably effective liquid oral formulation of 1-(2,6-

dichlorobenzylideneamino)guanidine  hydrochloride
(compound A) was prepared by dissolving 32 milli-

grams (mg) of the compound in 10 milliliters (ml) of
distilled water. This is approximately a 0.3% by weight
(w) solution of the active compound.

An effective solid formulation was prepared by mix-
ing 5 parts by weight of compound A with 95 parts by
weight lactose. A solid formulation utilizing cornstarch
instead of lactose was also prepared.

EXAMPLE X
Intravenous formulations

An intravenous formulation of compound A was
prepared by dissolving 32 mg of the compound in 10 ml
of physiological saline solution.

EXAMPLE XI

Parenteral or intraperitoneal formulations

Formulations suitable for parenteral (P) or intraperi-
toneal (I.p) administration were prepared in several
ways. For example: (1) 32 mg of compound A were
dissolved in 10 ml of distilled water; (2) 32 mg of com-
pound A were dissolved in 10 ml of a 0.5% w solution of
methylcellulose in distilled water; (3) 32 mg of com-

pound A were dissolved in a mixture of 1.0 ml polyethy-
lene glycol 400 and 9.0 ml of a 0.5%w methylcellulose

solution in distilled water.
A formulation suitable for P or 1.p. administration of
1-(2,6-dichlorobenzylideneamino)guanidine, per se, was
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prepared by mixing 32 mg of this compound with 9.0 ml
of a 0.5% methylcellulose solution in distilled water and
1.0 ml polyethylene glycol 400 in a tissue homogenizer.

We claim as our invention:

1. A method of inducing a central nervous system
depressant response in mammals to reduce hyperexcit-
ability and induce sedation which comprises administer-
ing to a mammal an effective dosage for inducing a

central nervous system depressant response of a com-
pound of the formula

Z

wherein X is halogen or trifluoromethyl, Y and Z may
be the same or different and each is hydrogen, halogen,
trifluoromethyl or alkyl of 1 to 4 carbon atoms, R, R/,
R” and R° each is hydrogen, alkyl of 1 to 4 carbon
atoms, alkenyl of 2 to 4 carbon atoms or alkynyl of 2 to
4 carbon atoms with the proviso that R” and R° may
together form an ethylene or vinylene bridge, with the
further proviso that one of Y and R must be hydrogen,
or a pharmaceutically acceptable salt thereof.

2. A method according to claim 1 wherein X and Y
each is chlorine, and Z, R, R’, R"” and R’ each is hydro-
gen, and the salt is a hydrochloric acid salt.

3. A method according to claim 1 wherein X and Y
each 1s chlorine, and Z, R, R’, R” and R° each is hydro-
gen.

4. A method according to claim 1 wherein X and Y
each is middle halogen and Z, R, R’, R” and R° each is
hydrogen, and the salt 1s a hydrohalic acid salt.

* %* %X X %
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